ceeded in establishing in long-term culture were T cells (Karpas et al., 1977a) and "null" cells (Karpas, Sandler and Thorburn, 1977b) both derived from the marrow of children with acute lymphoblastic leukaemia.
In this paper we wish to report the properties of what appears to be the first successful long-term culture of malignant EBNA-negative null-cell monoblastoid cells derived from a patient with acute myelomonocytic leukaemia.
Clinical history
The patient was a 35-year-old man who was admitted with a short history of pain in the back, the left subcostal region and loin, and a spreading skin rash on the right neck. Blood count showed Hb I1 9 g/dl, WVBC count 72 x 109/1 with 60% monocytes and monocyte precursors, Accepted 24 October 1977 and platelets 109 x 109/1. A bone marrow aspirate was cellular with ,70% primitive cells of myelomonoblastic cytology and cytochemistry. Cytogenetic studies revealed an F group trisomy and occasional loss of other chromosomes (see below). At this stage long-term cultures were set up from the peripheral blood.
Tissue culture
Cultures were initiated after the separation of buffy coats from heparinized blood. The leucocytes were suspended in RPMI-1640 medium and grown in stationary cultures as described earlier (Karpas et al., 1977a) . The cells which have given rise to this line (230) were seeded in culture on 9.9.76.
The studies outlined below were carried out between the sixth and ninth month after active in vitro proliferation of the cells had been established.
Cytological and cytochemical studies
Coverslip smears and/or cytocentrifuged deposits prepared from the cultured cells were stained with May-Grunwald--Giemsa (MGG) and Leishman for morphological examination. In addition, the following cytochemical reactions were carried out using standard methods (Hayhoe and Cawley, 1972) 
Ultrastructural examination
For ultrastructural examination the cultured cells were prepared according to published procedures (Cawley and Hayhoe, 1973) .
Karyotype analysis
Fresh bone marrow cells from the patient were analysed before culture. The chromosomes of the cultured cells were analysed after 9 months' growth in vitro as described previously (Karpas et at., 1971) .
Imnmunological methods
Receptors for the Fc of Igc (EA(IgG)), the Fc of Igm (EA(IgM)) and the bound component of complement (C3b(EAC)) were detected using ox erythrocytes in a rosette method as described in detail elsewhere (Burns et al., 1977a) . Spontaneous rosettes with mouse erythrocytes (M) and sheep erythrocytes (E) were carried out using fresh CBA mouse erythrocytes and aminoethylisothiouronium bromide-treated sheep red blood cells respectively, as described elsewhere (Burns et al., 1977b) . The presence of surface immunoglobulin (SmIg) was sought, using the highly sensitive rosette method of Ling, Bishop and Jefferis (1977) .
The cultured cells were also tested for the presence of the Epstein-Barr viral nuclear antigen (EBNA) using standard procedures (Reedman and Klein, 1973) using EBNA+ and EBNA-cells for controls.
Cytology and cytochemistry
The primitive cells of the patient's blood and marrow were of variable size, though generally large, 25-35 ,um in diameter, with ample moderately basophilic cytoplasm in Romanowsky preparations. There were fine azurophilic granules in many of the cells, sometimes concentrated in and around a more lightly stained archoplasmic zone near the nucleus. Vacuoles were occasionally present, but not conspicuous. Nuclei were round, oval or indented and twisted, with leptochromatic staining and usually 4-6 nucleoli.
Most cells were strongly positive to Sudan black, with a mixed pattern of localized cytoplasmic reaction and discrete scattered granules, characteristic of myelomonocytic lineage. Peroxidase reaction was also positive, and there was moderately strong positivity to both chloroacetate (granulocytic) esterase and butyrate (monocytic) esterase. The PAS reaction showed a diffuse tinge in most cells, with fine or moderately coarse peripheral granules in some. Acid phosphatase was moderately positive but the cells were negative for alkaline phosphatase.
After 6 and 9 months in culture the established cell line showed broadly similar cytology. With Romanowsky staining the cells were large (30-40 btm in diameter) with ample basophilic cytoplasm, having a conspicuous pale-staining archoplasmic zone and frequent vacuolation, especially in that area. There were no obvious granules. The nuclei were usually indented and twisted or cleft, and sometimes markedly lobulated. The nuclear chromatin appeared lightly staining and diffuse (leptochromatic) and there were multiple nucleoli, commonly from 5 to 10. The general appearance more closely resembled that of acute monocytic leukaemic cells that had been the case with any of our previously established haemic cell lines. The main differences between the 6-and 9-month findings were that vacuolation was more conspicuous at 6 months, whereas nuclear lobulation became more marked at 9 months.
Cytochemically the cells showed consistent strong positivity for acid phosphatase and were negative for alkaline phosphatase. The PAS reaction showed a tinge of diffuse positivity but little or no granular staining.
Esterase reactions were done only at 9 months, when the cells were negative to the chloroacetate but showed weak granu- to be EBNA-when tested after 6 and 9 months in culture.
DISCUSSION
The malignant cells of most patients with acute myelogenous leukaemia are made up of EBNA-cells which do not have detectable surface receptors of the kind found on either B or T cells. In the past we have established and studied the properties of 18 cell lines from patients with acute myeloid leukaemia, and found that those cultures were EBNA+ (Karpas et al., 1977a (Karpas et al., 1977a) . However, morphologically they all appeared as undifferentiated blastoid cells.
In onr present communication we describe the properties of a cytologically and immunologically unique cell line which has been established from the peripheral blood of a patient with acute myelomonocytic leukaemia, and which appears to represent a proliferation of the malignant cells. Even after 9 months in culture they retain a myelomonoblastic morphology. After 6 months in culture about 50% of the cells still stained lightly with Sudan black, but after 9 months in culture Sudan black staining was lost.
Weak scattered granular positivity to ox-naphthyl butyrate esterase was, however, retained a feature more compatible with a monocytic lineage, than with B-cell lineage.
The cytogenetic studies also lend support to the malignant origin of the cells. Karyotype analysis of fresh patient's marrow cells before chemotherapy was started revealed trisomy of an F group chromosome. However, after prolonged culture the karyotype analysis revealed aneuploidy with variable extra chromosomes, but including the persistence of extra chromosomes in the F19-20 group, and the presence of large submetacentric and small abnormal acrocentric marker chromosomes. Very large submetacentric marker chromosomes have been described in fresh cells from a patient with acute leukaemia (Sandberg et al., 1968) . We have also found similar patterns of karyotype abnormalities in cultured murine cells transformed by avian and murine C-type viruses (Karpas et al., 1971 (Karpas et al., , 1972 . Likewise, a report on the karyotype analysis of the human cell line which has been derived from a patient with chronic myeloid leukaemia revealed aneuploidy and polyploidy with abnormal marker chromosomes which appeared after prolonged in vitro culture, in spite of the fact that in vivo only the Ph chromosome abnormality could be detected (Lozzio and Lozzio, 1975) . The ultrastructural examination of our culture at 6 months also revealed cells with myelomonoblastic morphology (Fig. 1) . However, the most striking feature at this time was the membrane-bound vesicles which were sometimes packed with numerous electron-dense virus-like particles. The nature and properties of those particles is the subject of a separate report.
The immunological studies revealed that after 9 months in culture the cells were EBNA-and devoid of any known immunological markers, as were the majority of the fresh leukaemic cells. Thus, the immunological studies lend further support to the malignant origin of the cultured cells. The findings are compared in Table II with those in the only other established SmIg-EBNA-myeloid cell line, derived from chronic myeloid leukaemia (Lozzio and Lozzio, 1975) .
The availability of this unique cell line, which represents an in vitro proliferation of leukaemic cells of apparently myeloid origin, may be of considerable value in further investigations of the block in differentiation manifest in acute leukaemia. These cells may also be useful in in vitro evaluation of new drugs to be used in the treatment of acute myeloid leukaemia (Holms and Little, 1974) . Still more important, however, is the presence of membranebound vesicles containing virus-like particles. Evidence that these particles are indeed viral in nature, producing reverse transcriptase will be separately reported.
ADDENDUM
The cells were also incubated with an antiserum against the Ia-like antigen complex in an indirect immunofluorescence test (Schlossman et al., 1976 , Proc. natn. Acad. Sci. U.S.A., 73, 1288 . All the fresh patient leukaemic cells showed a very weak, but definite positivity, while the cultures cells were strongly positive.
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